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CASE REPORTS
Combined open and endovascular treatment
of a saccular aneurysm and redundant loop
of the internal carotid artery
Magdiel Trinidad-Hernández, MD,a Joseph H. Introcaso, MD, DMD,b and John V. White, MD,a
Park Ridge, Ill
We report the unusual case of a woman with a saccular aneurysm of the distal cervical internal carotid artery arising just
distal to a kink and a 360° redundant loop. The retromandibular position of the aneurysm would have mandated a
complex surgical procedure. A purely endovascular approach was not possible owing to the difficulty to pass any kind of
device beyond the redundant loop. A hybrid approach, in which the kink was surgically straightened and the saccular
aneurysm coiled after stenting of its orifice, was therefore used to treat this challenging case. A review of the literature
supporting this approach is discussed. (J Vasc Surg 2006;44:642-6.)The treatment of internal carotid artery aneurysms
remains a significant challenge for the vascular surgeon.
The treatment of carotid aneurysms has classically been
surgical. In 1805, Sir Astley Cooper described proximal
ligation of the internal carotid artery as a form of treatment
for internal carotid artery aneurysm.1 Despite a successful
surgical endeavor, his first patient had an ischemic stroke
and died shortly after.
Recent advances in vascular surgery have decreased the
mortality and stroke rates of carotid aneurysm surgery
significantly; however, the technical challenge of high cer-
vical internal carotid artery aneurysms remains consider-
able. Exposure of the internal carotid artery near the base of
the skull is complex and associated with substantial patient
morbidity. More recently, progress in endovascular tech-
niques has raised the possibility that these difficult aneu-
rysms may be treated without broad surgical exposure.
Unlike carotid aneurysms, kinks and redundant loops
are common anatomic variations that seldom cause symp-
toms that necessitate surgical treatment. When encoun-
tered during carotid artery surgery, kinks and redundant
loops are less difficult to manage, usually requiring only
patching or shortening of the vessel. Although easily ad-
dressed with open exposure, these anatomic variations may
present significant problems for the endovascular surgeon
by complicating passage of guidewires and catheters. We
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642present the case of an aneurysm arising distal to a kink and
a 360° loop of the distal internal carotid artery necessitating
a combined open surgical and endovascular approach. The
advantages and difficulties of the combined approach are
reviewed.
CASE REPORT
A fully functional and independent 76-year-old woman pre-
sented to the emergency department after a syncopal episode. Her
medical history was relevant for a 30-year history of nondebilitat-
ing, well-controlled multiple sclerosis. A full work-up, including
head magnetic resonance imaging (MRI) and cardiac evaluation,
did not reveal a cause for her syncope. On physical examination,
a submandibular left carotid pulse was found to be extremely
prominent.
A MR angiography (MRA) showed a 2.5-cm left internal
carotid artery aneurysm behind the ramus of the mandible. An
angiogram (Fig 1 A and B) revealed a redundant left internal
carotid artery with a proximal kink. In the retromandibular portion
of the extracranial internal carotid artery, a 360° loop was present
just proximal to a large saccular aneurysm. The aneurysm sac
extended from the angle of the mandible to the base of the skull.
There was no evidence of hemodynamically significant stenosis of
either right or left carotid and vertebral arteries.
The patient had no history of neck trauma or significant neck
infection. She had no history, symptoms, physical examination, or
chest radiography findings to suggest a mycotic or tuberculous
origin of the aneurysm. She had no prior carotid artery instrumen-
tation, no procedures performed on her left neck, no major oral
surgery, no evidence of fibromuscular dysplasia, and no radiation
therapy.
Because this aneurysm did not appear to be the cause of the
syncope, no intervention was recommended at the time of diagno-
sis. Initial management consisted of daily clopidogrel (75 mg) and
A is seen just below the inferior border of the mandible.
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Aneurysm growth to 3 cm was demonstrated on a follow-up
MRA 7 weeks later. This prompted the decision to treat the
aneurysm. A percutaneous endovascular approach was judged to
be difficult and inappropriate in the presence of the kink and loop
proximal to the aneurysm. Surgery would have required resection
of the mandible, which is associated with significant morbidity. A
combined endovascular and open surgical approach was therefore
planned.
The patient continued to take the antiplatelet agents until the
day of the surgery. The carotid artery was exposed through a
standard incision along the anterior border of the sternocleidomas-
toidmuscle from the clavicle to the angle of themandible to permit
sufficient length for placement of the proximal sheath and mobili-
zation of the proximal internal carotid artery. The common, exter-
nal, and internal carotid arteries were then completely isolated
from the surrounding tissues up to the level of the aneurysm. The
patient was given 5000 units of intravenous heparin.
The external carotid artery was ligated and divided. This
completely freed the common and internal carotid arteries. Gentle
downward traction was used to obtain a significant straightening of
the mobilized internal carotid artery. A 6F introducer sheath was
used to cannulate the tethered common carotid artery. The punc-
ture site was placed within the segment to be resected to straighten
the vessel permanently.
A 0.014-inch-diameter guidewire was passed into the distal
internal carotid artery beyond the aneurysm, but a significant
length of the proximal wire was coiled within the lumen of the
aneurysm. This coil could not be eliminated by any conventional
technique and would prevent controlled delivery and deployment
of the stent. To straighten the guidewire, a 5-mm  20-mm
balloon catheter was advanced over the coiled guidewire into the
distal internal carotid artery beyond the aneurysm. The balloon
was gently inflated, which generated just enough purchase on the
wall to permit withdrawal and straightening of the proximal cath-
eter and guidewire. With the wire straightened, a 6-mm 40-mm
nitinol self-expanding stent was deployed with appropriate preci-
sion to lie in the internal carotid artery and span the neck of the
saccular aneurysm. Selective catheterization of the aneurysm
through the interstices of the stent was performed using a micro-
catheter and a 0.014-inch-diameter guidewire. The patient was
given an additional 2500 units of heparin and 4 mg of eptifibatide.
Eight platinum coils with a total length of 240 cm were
deployed within the aneurysm under roadmap guidance (Fig 2).
After the aneurysm was successfully coiled, the redundant 2.5-cm
segment of common carotid was resected over an indwelling Sundt
shunt (Ingegra NeuroSciences, Plainsboro, NJ) placed after tran-
section of the artery to reduce stasis over the stent. The divided
ends of the common carotid artery were then approximated in
an end-to-end fashion using continuous 5-0 Prolene (Ethicon,
Somerville, NJ) (Fig 3). There were an easily palpable pulse and a
Doppler signal with excellent diastolic flow in the internal carotid
artery after restoration of flow.
After the operation, the patient was transferred to the inten-
sive care unit where she was extubated the following morning. A
slight exacerbation of the patient’s multiple sclerosis, manifestedFig 1. A, Angiogram demonstrates the proximal kink, redundant
loop, and internal carotid artery aneurysm.B,The proximal kink inby weakness andmild difficulty in swallowing, required her to be in
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nations, a brain MRI, and swallowing excluded ischemic stroke
and cranial nerve injury as possible causes. After this period, she
returned to her normal functional status.
A duplex ultrasound scan was obtained 2 weeks postopera-
tively. A sagittal view clearly showed brisk flow through the stent in
the internal carotid artery (Fig 4 A). On a transverse view, the
patent internal carotid artery and the lumen of the thrombosed
aneurysm were clearly seen side by side (Fig 4, B). The coils within
the aneurysm could be identified in this image.
DISCUSSION
Aneurysms of the extracranial carotid arteries are rare.
Fig 2. Completion angiogram shows the coiled aneurysm.
Fig 3. Configuration of the cervical common carotid and internal
carotid arteries after resection of the cannulated segment.It is estimated that only 0.1% to 2% of carotid arteryprocedures are performed to treat such aneurysms.2 During
the past 20 years, published reports document 98 aneu-
rysms repaired among 10,830 patients undergoing ex-
tracranial carotid artery surgery at tertiary care vascular
centers.1-3 The etiologies of these aneurysms trauma, infec-
tion, radiation, fibromuscular dysplasia, and, most com-
Fig 4. A, The carotid duplex image at 2 weeks demonstrated
normal arterial anatomy in the area of the stent. B, The transverse
carotid duplex image revealed the saccular aneurysm without flow
but preserved flow through the distal internal carotid artery.monly, atherosclerosis.4-7
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most commonly located in the distal internal carotid artery
and intracranial vessels.8,9 Although the indications for
surgical intervention of an extracranial carotid artery aneu-
rysm are not well defined, true aneurysms are associated
with an undefined risk of embolization, thrombosis, or
hemorrhage. This risk does not seem to be directly related
to aneurysm size. Zwolak et al10 have reported that carotid
artery bifurcation aneurysms as small as 1.5 cm and distal
internal carotid artery aneurysms as small as 1 cm in diam-
eter were associated with transient ischemic attacks. Be-
cause of the potential for major stroke, treatment of these
aneurysms should be undertaken if the patient’s general
medical condition permits.
The surgical repair of distal internal carotid artery an-
eurysms is technically very challenging. It is particularly
difficult to expose those aneurysms that are located above
the line of Blaisdell, an imaginary stripe drawn between the
tip of the mastoid process and the angle of the mandible.3
The surrounding structures at the base of the skull make
access to this portion of the internal carotid artery most
complex.
A variety of techniques can facilitate exposure of the
internal carotid artery in this area. Mandibular subluxation
can provide an additional 1 to 2 cm of exposure. To
maintain the mandible’s position, fixation must be per-
formed using pins and wires; however, prolonged sublux-
ation is strongly associated with temporomandibular joint
syndrome. The placement of pins and wires is associated
with risk of injury to the marginal mandibular nerve and
lingual vein, contamination with oral flora, and potential
compression of the contralateral carotid sheath.11 To ob-
tain further exposure, the vertical ramus osteotomy tech-
nique was created.12 The disadvantages of this technique
include potential oral flora contamination, possibility of
malocclusion, inappropriate bone healing, and delay in oral
intake.
For exposure of the internal carotid artery distal to the
siphon, some authors have described anterior mobilization
of the parotid gland with removal of themastoid along with
a portion of the inferior wall of the auditory canal. The
glossopharyngeal nerve is sacrificed, and potential for dam-
age of the XII cranial nerve is present.13 Needless to say,
these exposures are associated with great morbidity and
should be reserved for those in whom no other method of
treatment is available.
Treatment of the aneurysm in our patient was compli-
cated by the presence of both a carotid kink and redundant
loop. A loop is a spiral configuration of the vessel without
luminal compromise. Kinks are a form of arterial stenosis
and occlusion owing to bending along the axis of the
vessel.14 In both, the carotid artery, most commonly the
internal, is excessively long and fixed by the surrounding
tissues. This results in vessel redundancy and tortuosity. The
redundancy may occur in coronal, transverse, or sagittal
planes. Loops are due to congenital excessive length of the
extracranial carotid arteries.15 Single and even complete dou-
ble loops have been described.The presence of the saccular aneurysm required a treat-
ment strategy that permitted eradication of flow through
the sac. The use of coils for the induction of thrombosis has
been well recognized for the treatment of arterial malfor-
mations and other vascular problems for more than a
decade. Several types of coils are currently available. They
may be composed of bare platinum wire or coated with
thrombogenic materials such as polyester and polyglycolic
polylactic acid polymer. Coils that are placed into a saccular
cavity alter hemodynamic patterns by obstructing inflow
and promoting stasis and thrombus formation within the
aneurysm cavity.
Because of the risks of distal migration, coils have not
been used for solo therapy of wide-necked saccular aneu-
rysms. Szikora et al15 first demonstrated experimentally
that initial placement of the stent over the saccular aneu-
rysm neck, followed by the insertion of a microcatheter
through the interstices of the stent for the delivery of coils,
would prevent coil migration.15
Clinical applications of this technique have demon-
strated two benefits of stent placement. First, the stent pre-
vents the migration of coils back into the parent artery. Sec-
ond, the stent provides a framework for re-endothelialization
of the flow surface and prevents extension of aneurysmal
thrombus into the native vessel. Postmortem studies have
shown that coil-induced aneurysm thrombosis results in
complete fibrous obliteration of the aneurysm lumen and
endothelialization of the flow surface over the neck of the
aneurysm.16,17
A purely endovascular approach to our patient’s aneu-
rysm would have been difficult, if not hazardous, owing to
the severe kink and loop of the internal carotid artery
proximal to the aneurysm that prevented precise guidance
of the endovascular devices. These anatomic variations
make percutaneous endovascular therapy difficult. Even if
the distal vessel were successfully cannulated with a guide-
wire, tracking of other endovascular devices, such as a stent,
over the wire would have been problematic. The presence
of a saccular aneurysm just distal to the loop increased the
possibility of its disruption.
An open approach would have required a vertical ramus
osteotomy, which risked worsening of the patient’s multi-
ple sclerosis-associated dysphagia; therefore, a hybrid ap-
proach was used. Once the carotid artery was exposed to
the level of the digastric muscle, the external carotid artery
was ligated to provide further mobilization of the internal
carotid artery. Gentle traction on the common carotid
artery straightened the internal carotid artery kink and
permitted access of the vessel distal to the aneurysm. Once
the stent was deployed and the aneurysm sac coiled, the
common carotid artery was shortened to maintain the
uncurled position of the vessel. During the resection and
reanastomosis of the common carotid artery, a shunt was
used to maintain flow through the stent, reducing the risk
of stasis and consequent blood clot formation over the stent
surface.
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Such hybrid approach is technically easier and reduces
the morbidity that surgical exposure of the distal internal
carotid artery causes. It is, therefore, a better option for
patients with tortuous carotid anatomy and carotid lesions
above the line of Blaisdell. Consequently, we recommend
the use of a hybrid approach when the carotid artery
anatomy impedes a purely percutaneous approach and sur-
gical exposure is complicated. The long-term effectiveness
of this approach is yet to be determined.
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